It is well known that casts, red blood cells and white blood cells may be present in the urinary sediment of patients suffering from heart failure. In the manner that specimens of urine are usually obtained it is not possible to gain an accurate notion of the numbers of cells which are present, since variations in salt concentration and reaction of the urine may result in partial or complete disappearance of the formed elements of the urine. Addis (1) recommended a procedure which has for its object the secretion by the kidneys of urine of such high specific gravity and acidity that the integrity of the formed elements of the urine is maintained. By this means the number of elements in urinary sediment formed in a 12-hour period may be estimated. Addis (2) found that the number of casts passed in a 12-hour period varied in normal individuals between 0 and 4,270, the average being 1,040; the number of red blood cells between 0 and 425,000, the average being 65,700; the number of white blood and epithelial cells between 32,400 and 1,835,000, the average being 322,500. The casts were hyallne; granular casts were not observed.
It is well known that casts, red blood cells and white blood cells may be present in the urinary sediment of patients suffering from heart failure. In the manner that specimens of urine are usually obtained it is not possible to gain an accurate notion of the numbers of cells which are present, since variations in salt concentration and reaction of the urine may result in partial or complete disappearance of the formed elements of the urine. Addis (1) recommended a procedure which has for its object the secretion by the kidneys of urine of such high specific gravity and acidity that the integrity of the formed elements of the urine is maintained. By this means the number of elements in urinary sediment formed in a 12-hour period may be estimated. Addis (2) found that the number of casts passed in a 12-hour period varied in normal individuals between 0 and 4,270, the average being 1,040; the number of red blood cells between 0 and 425,000, the average being 65,700; the number of white blood and epithelial cells between 32,400 and 1,835,000, the average being 322,500. The casts were hyallne; granular casts were not observed.
The present study is concerned with the estimation of the number of formed elements in the urines of patients suffering from chronic heart disease, especially of the so-called arteriosclerotic type, more particularly with reference to the state of heart failure of the congestive type.
The patients were at rest in bed and were in water equilibrium. Observations were made in patients suffering from the congestive type of heart failure, and again in the same patients after the signs and symptoms of heart failure had disappeared. In others, observa-409 URINARY SEDIMENT IN HEART FAILURE tions could be made only during the stage of decompensation, while in others still, only after the return to the state of compensation. In addition there are data in a few patients who had never suffered from heart failure. Most of the patients were males; catheterization of females is necessary if accurate counts of the cells are desired. The sediment was studied according to the technique described by Addis (1) . The procedure begins after breakfast. The patient is given no fluid following this meal until after the end of the test the next morning (6 a.m.). The patient voids at 6 p.m.; this specimen is discarded. The total night urine (6 p.m.-6 a.m.) is obtained at one voiding 12 hours later. The casts, red blood and white blood cells are counted in samples of this specimen.
OBSERVATIONS
The number of formed elements in the urine in the presence of heart failure of the congestive type. In 18 patients (tables 1 and 2), the number of casts in 12-hour samples varied between 0 and 463,740, the average number being 66,485 (table 3) . In 6 instances the number was within the normal range (4 none, 2 high) and in the 12 remaining, greater than the highest normal value observed by Addis (2). Granular casts were found in approximately half the urines. The red blood cell counts ranged from 72,210 to 3,090,000, the average being 834,754. In 9 patients the number was normal (1 average, 8 high) and in the 9 remaining greater than the highest normal value. The white blood and epithelial cells varied between 70,000 and 17,877,000, the average being 3,089,302. In 13 patients the range was normal (1 average, 12 high), and in the 5 remaining greater than the highest normal value.
In the presence of heart failure of the congestive type, therefore, the number of casts was definitely increased in approximately twothirds of the cases studied, the red blood cells increased in approximately one-half, and the white blood cells in approximately one-third.
The average number of casts was 60 times and the average number of red blood cells and of white blood cells 10 to 15 times greater than in normal subjects.
The number of formed elements in the urine following recovery from cardiac decompensation. After recovery from heart failure in 16 patients the number of casts varied between 0 and 141,000 (tables 1 410 and 4), the average being 34,600 (table 3) . In 4 instances the number was normal (4 none) and in 12, greater than normal. Granular casts were found in approximately 25 per cent. Red blood cells varied between 165,000 and 3,090,000, the average being 917,515. In 4 patients the number was normal (4 high) and in 12, greater than the highest normal value. The white blood and epithelial cells ranged between 304,000 and 2,520,000, the average being 1,151,187. In 13 patients the range was within normal limits (2 average, 11 high) and in 3, greater than the highest normal value.
In our experience, it appears therefore to be a fact that approximately 75 per cent of the patients who had recently recovered from heart failure of the congestive type passed in their urines a greater number of casts than normal individuals, an increased number of red blood cells, but in the case of white blood cells a number greater in onefourth of the patients than the highest number in normal individuals.
Comparison of the numbers of formed elements present in the urine during heart failure and following recovery. When observations (11 patients) were possible during the stage of heart failure as well as after return to compensation (table 1), we found no fixed tendency of direction; that is to say, the casts, red blood cells and white blood cells were as frequently increased following the disappearance of signs of heart failure as they were decreased (see discussion). On comparison of the average numbers (table 3) , however, it appears that casts and white blood cells were passed in approximately twice the quantity during decompensation as after recovery, but the red blood cells in approximately the same numbers.
The number of formed elements in the urine of patients who have not suffered from heart failure of the congestive type. In 7 cardiac patients who had not suffered from heart failure (table 5) the number of casts ranged from 0 to 80,000, the average being 17,792 (table 3) . In 4 individuals, the range was normal (2 none, 2 high) and in 3, greater than the highest normal value. In approximately half the patients granular casts were found (table 5). The red blood cells varied between 22,250 and 428,000, the average being 162,531. In all instances the count was within the normal range. The white blood cells varied between 96,000 and 1,788,000, the average being 809,555. In each case the range was normal. In such patients the number of casts was therefore increased, the average being 20 times that in normal subjects; the increase was not so great, however, as in cases of heart failure of the congestive type. The red cell and white cell counts were, however, definitely less; the average numbers though twice as great as in normal individuals were, nevertheless, within normal limits.
Urinary sediment and renalfunction. Renal function was studied in certain patients by means of the urea clearance test (3) and the excretion of phenolsulphonphthalein, but no relationship was observed between the degree of renal impairment and the number of casts, and red and white blood cells passed in 12 hours (tables 1, 2, 4 and 5).
DISCUSSION
In cardiac patients who exhibited no signs of heart failure Stewart and McIntosh (4) found that renal function measured by the Van Slyke index of urea excretion (5) and phenolsulphonphthalein excretion was usually normal, without reference to whether they had previously suffered attacks of congestive heart failure. Although normal in these respects, diminution of function was detected, nevertheless, in these individuals by means of the concentration and dilution tests (4); their kidneys could not in many instances excrete urine of high or of low specific gravity. This impairment was most frequent after attacks of heart failure of the congestive type. It is of course well known that decrease in renal function as measured by the urea index and phenolsulphonphthalein excretion is frequently observed during heart failure of the congestive variety and that return toward normal takes place as the signs of failure disappear (6) . This is commonly attributed to congestion of the kidneys. No studies have yet been published of the number of formed elements in the urine of such patients. Increase in albumin in the urine and presence of casts, red blood cells and white blood cells in heart failure are, as abnormality in the case of chemical tests, commonly attributed to congestion. The actual numbers we have now counted. The cases studied are too few for statistical treatment, but the degrees of heart failure encountered were sufficient, we think, to suggest the limnits within which the numbers may be expected to fall. The most consistent finding was increase in the number of casts, the average being 20 to 60 times greater than normal, depending on the severity of the disease. The number was smallest when failure of the congestive type had not occurred, somewhat greater when it had, though at the moment no signs were present, and greater stil when they were. Granular casts which Addis (2) did not find in the urines of normal individuals were found in approximately half the cases.
During heart failure and after recovery increased numbers of red and white blood cells occur but almost as frequently they are within the normal range. When heart failure has not taken place red and white blood cells are within normal range, although the averages are approximately twice those of normal individuals. But in patients who have experienced heart failure the numbers are 10 to 15 times greater than normal. In Addis's (2) opinion it is only the appearance of a (7)) were not observed. On the whole it is surprising that the nlumber of casts, red blood cells and white blood cells in the urines of cardiac patients is so small and that it is so little increased during cardiac decompensation (table 6) , that there is, in short, so little alteration in function. We wish to emphasize a point already made by Addis (2) , namely that the numbers of casts, red blood cells and white blood cells have no individual significance. In these cases furthermore the numbers of formed elements counted were small; they serve only to define the order of magnitude and, to establish the limits or range of variation. It is only when they are large, as in Bright's disease, that the absolute numbers are significant. It is of course for this reason that the comparison between the stages of absence and presence of heart failure in the same patient sometimes shows decrease and sometimes increase; in this sense alone greater numbers of casts and white blood cells are found in the presence of heart failure, though the number of red blood cells is approximately the same.
SUMMARY
1. The number of casts found in 12 hours is usually increased in patients suffering from cardiac disease, although the number may be normal. If the average numbers are considered, the greatest numbers were passed by those patients suffering from heart failure of the congestive type; the numbers were fewer after recovery and fewer still in those who had never suffered from this illness. Granular casts were frequently found.
2. The number of red blood cells in the urine of patients who had experienced cardiac decompensation was frequently greater than the highest normal value, but within the limits in those who had never suffered from heart failure. The average number of red blood cells found in those cases which had never experienced heart failure was twice as great as that in normal individuals; in those who were suffering from heart failure or had recovered from it, however, the average number was 10 to 15 times as great as in normal individuals. 3 . The number of white blood ceUs was normal in the urine of those patients who had not suffered from heart failure, but the average number was approximately twice the average observed in normal individuals. The number was usually within the normal range both during and after recovery from cardiac decompensation; the average number, however, was greater approximately 9 and 3 times respectively than that in normal individuals, the average being less in patients without heart failure than in those who had recently recovered from it and less than in those who were still suffering. 
